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Introduction
Based on the National Bridge Inventory rating, deck geometry and deck condition are among the
most prevalent items with respect to deficiency percentages. Bridge deck deficiencies are related
to physical deterioration due to environmental conditions, maintenance policies, and
unanticipated factors such us fatigue, high friction and dynamic responses, among others.
Replacing and/or upgrading bridge decks can be an economical alternatives to replacing the
bridge entire. One advantage of a deck replacement alternative compared to entire bridge
replacement is the timeliness in initiating the project, i.e., deck replacement shortens the length
of time the public has to suffer with a posted bridge. For example deck replacements have a
shorter lead-time because typically the work is technically simpler than the bridge replacement
alternative. Besides, deck replacements also have fewer environmental impacts than entire bridge
replacement.
The University of Maine and the Maine Department of Transportation have developed a new
technology that provides a competitive alternative for rehabilitation of highway bridges and
marine piers. Funding for this development work was provided through FHWA Innovative
Bridge Research and Construction (IBRC) Program.
New wood and fiber-reinforced polymer (FRP) composites technology that provides a
competitive alternative for bridge deck replacement was developed. The structural system is
based on the concept of sandwich construction with FRP composite skins bonded to an inner
glulam panel. The new composite deck panels use a renewable resource, glulam wood, with
fiber-reinforced polymer (FRP) composite skins to provide strength and stiffness comparable to
reinforced or prestressed concrete.
The FRP composite skins are responsible for the tensile strength, contribute to the bending
stiffness and provide environmental protection. The inner glulam panel defines the configuration
of the deck system, provides bending and shear stiffness to the system, contributes to the
compressive strength and is responsible for the shear and bearing capacity of the deck.
The main advantages of FRP-glulam panels for bridge decks are:
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a)
b)
c)
d)
e)

Lightweight deck;
Non-corrosive materials;
Cost-efficiency compared to all-FRP decks;
Proven glulam panel construction technology for bridge decks; and
Environmental protection provided by the FRP composite skins.

Innovative Design Characteristics
•
•
•
•
•
•
•
•
•
•
•
•

FRP composite reinforcement on top and bottom sides.
Panelized system weighs 66% less than concrete allowing for accelerated construction, at
reduced cost.
Cold weather construction is possible.
System delivers strength equal to conventional materials such as prestressed concrete.
Versatile panels may be used without girders, or may be placed over steel or concrete
girders.
Panels come in 15 ft. to 35 ft. lengths and accommodate any bridge width.
Polymer concrete overlay applied on top FRP composite surface.
Pedestrian railings or crash-tested timber vehicular bridge railings are available.
FRP composite skin provides strength, stiffness and environmental protection
Prefabricated & fast field installation
Supporting beams made of steel, glulam or prestressed concrete.
Less expensive than all-FRP decks (80% of cost of all-FRP deck)

Skidmore Bridge Deck
FRP-Glulam Composite Deck Panels were engineered, fabricated and installed at Skidmore
Bridge in the towns of Union-Washington, Knox County, Maine. The deck panels (see
dimensions in Table 1) were installed on steel beams.
Impact of the Technology
The impact of the technology on the construction industry can be summarized as follows:
•
•
•
•
•

Demonstrate cost-effective bridge deck panel system for bridge deck replacement.
Reduce maintenance and life-cycle costs with durable composite materials.
Reduce construction time and congestion through prefabrication and modular
construction.
Engineer glulam deck technology with fiber-reinforced composites.
Develop engineering design criteria for the FRP-Glulam Composite Deck Panel system.
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Glulam Specifications
The CCA treated southern yellow pine glulam for Skidmore Bridge was ordered from Unadilla
Laminated Products. A minimum of Grade 2 or better lumber was required for the glulam panel.
The specifications are classified into material specifications and specifications for preservative
treatment. The specifications are given below.
Adhesive for laminated timber gluing was specified for wet-use, conforming to ASTM D2559
(ASTM 2000). Glued laminated timber panels were manufactured from species and grads of
lumber, which produce design values equal to or exceeding the following values when loaded
parallel to the wide face of the laminations: bending (Fb) = 9.99 MPa (1,450 psi); shear parallel
to grain (Fv) = 1.21 MPa (175 psi); MOE (E) = 9.23 GPa (1,340,000 psi); compression
perpendicular to grain (Fc⊥) = 4.48 MPa (650 psi).
Preservative Treatment
All deck material was treated applying a full-cell process using waterborne Chromated Copper
Arsenate (CCA) preservative conforming to AWPA Standard P5 (AWPA 1999b) to a minimum
net retention of 0.4 pcf for glulam in accordance with AWPA Standard C28 (AWPA 1999a). All
members were free of excess preservative at the conclusion of the treating process.
Glulam Fabrication
Structural glued laminated timber was fabricated in accordance with the current American
National Standards Institute Standard ANSI/AITC A190.1 and current American Institute of
Timber Construction Standard AITC 117.
1. Average moisture content between 12-16% maintained for lumber received at the
laminator’s shop/plant.
2. Surfacing tolerances conforming to current ANSI/AITC A 190.1.
3. Glulam deck panels fabricated with an industrial appearance grade.
4. Lamination requirements: ANSI/AITC A 190.1.
5. Laminators: APA or AITC certified.
All Southern Pine boards used in the glulam deck panels were glued after treatment. All
fabrication and machining which cuts through the treatment envelope was performed prior to
treatment.
FRP-Wood Bond Durability
The wood panels were primed with Hydroxymethylated Resorcinol (HMR) (Vick 1995)
coupling agent prior to laying up the wet E-glass fabric reinforcement and vacuum bagging
compaction was applied following the procedure developed at the University of Maine (LopezAnido et al. 2000b). Priming wood laminations with HMR provides an exterior quality adhesive
bond for vinyl ester resin that is comparable to benchmark PRF adhesive bonds.
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FRP-Glulam Lamination
FRP reinforcement was applied on the glulam panels at Kenway Corp., Augusta, Maine using
the vacuum bagging method. The timber laminations were planed by glulam fabricator before
pressure treatment. Then the pre-treated wood laminations were adhesively bonded to form
glulam panel. After the glulam panels were shipped to Kenway, the moisture content of glulam
was monitored. At the time of lamination, the moisture content ranged from 9% to 10%. The
glulam surfaces were cleaned with a brush before HMR priming. The premixed HMR solution
was applied on the clean glulam surface at a rate of 30 lb /1000 ft2 (30 lb/Mft2).
Pre-wetting the surface with resin was very important for FRP/glulam bonding. In the bridge
deck fabrication, a 0.27 lb/sq. in. application rate was used to prewet the glulam surface. After
the surface was prewetted, one ply of CSM was placed on the panel and impregnated with resin
with a hand roller. Then the other three plys of unidirectional fabric reinforcement were
impregnated with an impregnator and applied to the panels. After all fabric layers were
laminated, a prefabricated pultruded drip edge was placed transversely to the panel. Finally the
vacuum bagging was performed.
The bottom face was laminated first. After the resin was cured, the holes for deck-to-girder
connections were drilled through the FRP. The bolts were placed in the holes, and then the FRP
lamination was applied on the top face. Ambient temperature at the FRP laminating plant was
around 70°F; therefore vacuum was maintained for two hours (curing time). Eight glulam panel
surfaces were reinforced simultaneously.
Polymer Concrete Overlay Application
The role of the polymer concrete overlay is to provide an antiskid wearing surface during deck
installation and to develop an effective interface between the FRP composite skin and the asphalt
pavement. Split rings for guardrail connection, 4-in in diameter, were bonded on the top face of
the glulam panels before the polymer concrete was applied. The polymer concrete overlay was
applied on the top face of the glulam panel following the broom-and-seed application method. At
the bridge site and after installing the deck panels on the bridge beams, a layer of asphalt is
applied on the polymer concrete overlay.
Structural Design
A practical design method based on existing specifications and guidelines was developed and
applied to design the Skidmore Bridge deck. The FRP-glulam bridge deck design indicates that
the live load deflection is the control condition. The conclusions of the work presented are:
1. FRP-glulam decks can be designed for AASHTO HS25 design truck by modifying the design
methodology for glulam decks from the Timber Design Manual.
2. The design equations are based on the linear elastic response of glulam wood. This is a
conservative approach that neglects the additional non-linear bending-moment capacity of
FRP-glulam panels.
3. A step-by-step design procedure was proposed to verify FRP-glulam panel cross-sectional
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capacity for service and strength (ultimate) load combinations.
4. The proposed design process is applicable for girder spacings up to 2440 mm (8-ft). For this
maximum girder spacing, and based on the experimental structural characterization
conducted at the University of Maine, FRP-glulam panel deflections satisfy allowable service
limits. Therefore, there is no requirement to evaluate panel-to-panel joint relative deflections.
Laboratory Testing
Based on the research work presented in the laboratory testing conducted at the University of
Maine, the following conclusions are drawn:
1.
2.

3.
4.
5.

A two-span continuous bending test protocol is recommended to characterize the stiffness
and strength response of FRP-glulam panels under simulated traffic loads.
A methodology was introduced to determine the effective strip width of FRP-glulam
panel. Experimental results indicate the effective strip width of FRP-glulam is very
similar to the strip width of glulam panel. Therefore the criteria used in Timber Bridge
Design Manual for glulam bridge deck can be used for FRP-glulam bridge deck.
The integrity of proposed deck-to-deck joint system was proved by experimental results.
The failure process of FRP-glulam deck is different with the failure process of glulam
deck. Because of the existence of FRP reinforcement, the premature failure in transverse
direction due to bending was avoided.
FRP-glulam deck showed higher strength and more ductile behavior in experiments. At
the same time, FRP-glulam deck showed higher dimensional stability than glulam panel.

Economical Feasibility of FRP-Glulam Bridge Deck
The cost analysis for FRP-glulam bridge deck was conducted and compared to the cost of glulam
panel. The results of cost analysis are shown in the following table. The test panels were bid in
November to December 2000, and bridge panels were bid in July 2001. The unit price of glulam
panel has little difference, because the timber price varies with the season.
The typical unit area cost of all-FRP-deck is approximately $75/sq. ft., which is higher than the
cost of the FRP-Glulam Composite Deck panel. From the structural test results, 35.7% increase
was observed in ultimate load of FRP-glulam panel comparing to the glulam panel. To obtain the
same ultimate load of FRP-glulam panel, the thickness of glulam panel should be increased
16.5%, resulting in a panel thickness of 9.9 inch. Due to the availability of glulam panel
dimensions in the market, the thickness of panel required is 10.5 inches. Then, the cost of glulam
panel will increase from $25.41/sq. ft. to $31.39 /sq. ft.
The cost of the wearing surface directly on glulam panels was obtained from MilbridgeMunicipal Pier project (Bragdon 2001). The cost of wearing surface is $11.10/sq. ft. Then the
total cost of the glulam deck to reach the same ultimate load of the FRP-glulam bridge deck is
around $42.5 /sq. ft. although the cost of FRP-glulam deck is 40% higher than the glulam deck,
the FRP-glulam deck still has some important advantages, such as a greater capacity to resist
environmental attack, less weight than the glulam deck, and a long life term. It is expected that
fabrication costs will be reduced based on the experience gained with the panels laminated in this
5

study.
Table 1 - Cost Analysis of FRP-Glulam Panel
Item

Bridge Panel

Test Panel

Panel #

18

12

Panel Size

23.6 × 4.0 ft

18 × 4.00 ft

Glulam Panel Cost

$28.06 /sq. ft.

$25.41 /sq. ft.

FRP Reinforcement

$11.69 /sq. ft.

$13.03 /sq. ft.

P.C. Overlay

$21.00 /sq. ft.

$21.00 /sq. ft.

Joints & Others

$1.54 /sq. ft.

N/A

Total

$62.29 /sq. ft.

$59.43 /sq. ft.
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Figures

FIGURE 1. Fabrication of FRP-Glulam Composite Panels
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FIGURE 2. Impregnation of E-glass Fabric with Vinyl Ester Resin
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FIGURE 3. Lamination of Glulam Panels
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FIGURE 4. Vacuum Bagging of FRP-Glulam Panels
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FIGURE 5. Detail of Top and Bottom Surfaces of FRP-Glulam Panels
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FIGURE 6. Installation of FRP-Glulam Composite Panels on Steel Beams in Skidmore
Bridge, ME.
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FIGURE 7. Skidmore Bridge, ME
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